ABSTRACT A quantitative analysis of adventitial inflammation of the coronary artery with intimal lesions is described in 12 patients who suffered coronary death and had had unstable angina (crescendo angina) at rest (group 1). After autopsy in these patients we examined epon-embedded cross sections by light and electron microscopy, paying particular attention to the adventitia, and compared these results with those in six patients who had had angina but died of noncardiac causes (group 2) and those in 22 patients who did not have angina (group 3). Of the 132 segments from group 1 patients, 39 (30%) were narrowed 76% to 100% by atherosclerotic plaque (group 2, 27%; group 3, 1%), and 23 (17%) had occlusive thrombi. Of the 264 sections (two from each segment) from group 1 that were examined, 98 (37%) (group 2, 15%; group 3, 9%) revealed clustered infiltration of inflammatory cells in the adventitia, half of which were associated with vascular nerve involvement. These findings in the adventitia may be related to the vasospastic component of unstable angina. Circulation 71, No. 4, 709-716, 1985. THE SIGNIFICANCE of coronary artery spasm in patients with ischemic heart disease has been emphasized recently, as diagnostic techniques and methodology have improved.' Previously reported morphologic results obtained at autopsy in patients with coronary artery disease have been mainly concerned with the effects of the intimal lesions, such as the degree of luminal narrowing,4 thrombus,5 and rupture of atheroma.6 The once-emphasized inflammatory lesions in the adventitia of atherosclerotic coronary arteries7 have recently been largely ignored. However, they may have a significant role in causing coronary artery spasm because the coronary adventitia is richly innervated with autonomic fibers. In this report 12 patients with unstable angina culminating in sudden death or acute myocardial infarction were studied at autopsy as a representative sample of vasospastic angina in the waxing phase. The coronary artery of each was examined, with particular attention to the adventitia, with light and electron
THE SIGNIFICANCE of coronary artery spasm in patients with ischemic heart disease has been emphasized recently, as diagnostic techniques and methodology have improved.' Previously reported morphologic results obtained at autopsy in patients with coronary artery disease have been mainly concerned with the effects of the intimal lesions, such as the degree of luminal narrowing,4 thrombus,5 and rupture of atheroma. 6 The once-emphasized inflammatory lesions in the adventitia of atherosclerotic coronary arteries7 have recently been largely ignored. However, they may have a significant role in causing coronary artery spasm because the coronary adventitia is richly innervated with autonomic fibers. In this report 12 patients with unstable angina culminating in sudden death or acute myocardial infarction were studied at autopsy as a representative sample of vasospastic angina in the waxing phase. The coronary artery of each was examined, with particular attention to the adventitia, with light and electron microscopy and compari-sons were made with results at autopsy in six patients who had had previous anginal episodes and who served as a representative sample of vasospastic angina in the waning phase and with those in 22 patients who had not had a history of angina and who served as normal controls.
Methods
Selection of patients (table 1) . Patients who underwent autopsy within 3 hr of death in our department from January 1982 to January 1984 were considered for study. Selection of patients was carried out only by consideration of clinical history and without knowledge of pathologic data. The degree of narrowing was determined after histologic examination. The most stenosed section in each segment, which was preselected with a loop, was magnified 50 times. The degree of luminal narrowing was based on the luminal obliteration within the circle bordered by the internal elastic membrane.
The calculations of luminal narrowing did not include the amount of luminal obliteration contributed by the thrombus, but only that part resulting from the atherosclerotic plaque. The degree of luminal narrowing of the cross-sectional area in the most stenosed specimen from each segment was graded as 0% to 50%, 51% to 75%, or 76% to 100%. There was an equal incidence of 76% to 100% and 51 % to 100% narrowing of the coronary arterial segments from groups 1 and 2 (p > .10 and p > .05, respectively), and the incidences of each were significantly different from those in segments from group 3.
Coronary thrombus. Coronary thrombi were found in nine of the 12 patients in group 1 (14 of the 48 major coronary arteries or 23 of 132 segments [17%]). For the most part the thrombi were superimposed on the atherosclerotic plaque of arteries with 76% to 100% narrowing (15 of 23 segments, 65%). None of the patients in groups 2 and 3 had coronary thrombi.
Chronic inflammatory lesions in the adventitia of the coronary artery (table 3) . The coronary arterial adventitia was collagenously thickened in segments from groups 1 and 2. In group 1, there was considerable infiltration to various extents by inflammatory cells; these were mainly lymphocytes and plasma cells. but a few histocytes were noted.
The degree of inflammation was defined as follows (figures 1 and 2): none, no or only scattered infiltration; mild, clustered infiltration of 10% or less of the incidence of adventitial inflammatory lesions in group I arteries in the categories of 76% to 100% narrowing and 51% to 75% narrowing and the incidence of lesions in arteries in these categories from the other two groups combined.
Relationi to the coronarx arterv segmenzt ( Sudden coronary death and acute mvocar-diail injfarction.
Inflammatory lesions were found in 49 of 154 sections (32%) of arteries from patients who suffered sudden coronary death, and in 49 of 1 10 sections (45%) of arteries from those who died after acute myocardial infarction. Although there were no significant differences with respect to lumitnal narrowing or the incidence of thrombosis, significant differences were found for the incidence of the adventitial inflammatory lesions in these subsets of arteries.
Discussion
Coronary artery spasm has been recently documented as pathogenic of the entire spectrum of ischemic heart disease, including resting angina, ' exertional angina, unstable angina,2 acute myocardial infarction,11 and sudden death,4 in addition to Prinzmetal's angina. 11 The cause or causes of coronary artery spasm are yet to be determined. Maseril postulated that hypersensitive vessels existed in which vasospasm could be induced by a variable combination of triggering stimuli, including autonomic nervous system stimulation, histamine, serotonin, thromboxane A, and ergonovine. However, the hypersensitive state has not been examined in a pathoanatomic context.
In clinical practice, vasospastic angina can be diagnosed with reasonable confidence in patients in whom coronary spasm is directly demonstrated at angiography during spontaneous or drug-induced ischemic teration in the atherosclerotic coronary artery. Such focal infiltration was encountered more frequently in cases of coronary death than in the nonscierotic patients without angina and also than in the patients with angina who died of noncardiac causes but in whom the degree of coronary luminal narrowing was the same as in those suffering coronary death. There was an equal incidence of adventitial inflammation in the patients in groups 2 and 3 in spite of a significant difference in coronary atherosclerosis in the two groups. These findings suggest that coronary adventitial inflammation has an intimate relationship to unstable angina. Indeed, the patients studied by Saphir and Gore7 suffered sudden death from juvenile coronary artery disease, in which coronary spasm might have had a significant role. Furthermore, we have discovered in cases of coronary death that the higher the degree of luminal narrowing, the more frequent adventitial inflammation. This tendency was also noted to some extent in the other two groups. Thus, it appears that adventitial Perivascular nerves were involved in approximately one-half of the coronary adventitial inflammatory lesions observed in this study. It might be postulated that the smooth muscle of coronary arterial media could be stimulated directly by chemical mediators through these inflammatory cells or indirectly by irritated autonomic nervous fibers involved in the inflammatory process. Dysfunction of the autonomic nervous system has also been implicated in patients with variant angina. 20 In reflex sympathetic dystrophy, injury of the primary afferent axons leads to an abnormal state of the primary afferent neurons and subsequently to distorted processing of information in the spinal cord. As a consequence of this abnormal central state the activity in the sympathetic supply to the affected region is distorted and in turn there is dysregulation of sympathetic activity, including vasomotor activity. 21 Degeneration of myelinated (sensory) vascular nerves was also frequently found around the inflammatory infiltrate in the coronary arterial adventitia with the use of an electron microscope. It could be that dysregulation of sympathetic activity is induced in a similar fashion in those with unstable angina.
Although the mechanism of initial chemotaxis of the adventitial inflammatory cells remains unknown, vascular nerves were frequently found in the inflammatory lesions of coronary adventitia. It therefore seems reasonable to relate these inflammatory lesions to autonomic components of the hypersensitive, vasospastic state of coronary artery in unstable angina, but the precise mechanism of these inflammatory lesions in the pathogenesis of such spasms is still to be demonstrated.
